DESPITE THE INCREASING INCIDENCE of overweight and obesity and the associated risk for other chronic debilitating diseases, we still know relatively little about the direct regulation of the size of individual fat depots. There are various levels of regulation of energy balance that influence the amount of energy stored as white fat; at the whole organism level, the balance between energy intake and expenditure determines the total amount of energy stored, but the energy is distributed across different organs. At the adipose tissue organ level, the size and number of adipocytes present and the propensity to increase cell number may be fat depot specific (9). Finally, at the cellular level, the amount of lipid that accumulates in individual adipocytes is under neural, hormonal, and paracrine control, and responsiveness to these factors also varies across individual fat depots (10, 34).
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An early parabiosis study by Hervey (16) investigating the regulation of energy balance indicated an important role for circulating factors in the feedback regulation of body fat mass. Parabiosis is the chronic surgical union of two animals such that the individual members of a parabiotic pair share a common blood supply. If an intervention is made in one animal, but a response is found in the nonmanipulated partner, then one assumes that the response is mediated by a circulating factor. In the parabiosis study by Hervey (16) , one member of a pair of rats was hyperphagic and obese due to lesions of the hypothalamus. The nonlesioned animal had a reduced food intake and lost significant amounts of body fat. These results were interpreted as the exchange of a circulating "satiety" signal that was released in response to the increasing adiposity of the lesioned partner. Subsequent parabiosis studies by Coleman and colleague (6, 7) demonstrated that the genetic obesity of the obese ob/ob (Lep ob/ob ) mouse was due to the absence of the circulating "satiety" factor, whereas obesity of the diabetic mouse (Lepr db/db ), with a phenotype almost identical to that of the ob/ob mouse, was a due to a failure to detect this factor. In 1994 the Friedman laboratory at Rockefeller University successfully identified the mutant protein in ob/ob mice as leptin (35) .
This discovery initiated a frenzy of research into how leptin regulates energy balance, and it was quickly established that leptin inhibits food intake and causes a specific reduction in fat mass of experimental animals (4, 13, 26) . There are multiple reports on leptin-induced changes in adipocyte metabolism including an inhibition of lipogenesis (3), increased lipolysis (28) , and fatty acid oxidation (33) , and a change in insulin responsiveness of cells (5) . Inconsistencies between reports may be due to different methods of leptin administration, the dose of leptin administered, and whether measures were made in vivo or in vitro. Regardless of the metabolic pathways responsible for a reduction in body fat mass, it remains unclear whether leptin is acting directly on adipocytes, which express the long-form leptin receptor (20) , or whether changes in adipocyte metabolism result from leptin activation of central receptors, which then modulate sympathetic outflow to the adipocytes.
Overwhelmingly, investigation of the effect of leptin on adiposity has focused on fully differentiated, lipid-filled, mature adipocytes, and much less attention has been given to the effects of leptin on the growth of an adipose organ. Adipogenesis includes the proliferation and differentiation of progenitor cells into preadipocytes, the differentiation of preadipocytes into adipocytes, and then lipid filling of adipocytes (14) . Studies with primary cultures of adipose tissue stromal vascular cells have shown no significant effect of physiological concentrations of leptin on either proliferation or differentiation of rodent (32) or porcine (27) preadipocytes, but leptin has been reported to increase the proliferation of human adipose tissue progenitor cells (24) . Leptin mRNA expression is present only in differentiated adipocytes (22) but leptin receptors are expressed on progenitor cells (24) .
The paper by Guo et al. (12) tests whether in vivo adipogenesis is dependent upon the presence of long-form leptin receptors (ObRb) on adipose tissue stromal vascular cells. A previous study from the same laboratory demonstrated that selective deletion of ObRb in peripheral tissues, including adipose tissue, had no effect on body weight, adiposity, or glucose clearance in mice (11) . In addition, de Luca et al. (8) reported that selective reinstatement of ObRb in neural tissue reverses the obese diabetic phenotype of ObRb-deficient Lepr db/db mice, supporting the notion that leptin regulates adipocyte metabolism through a central mechanism. By contrast, others used phosphoenolpyruvate carboxykinase (PEPCK) promoterlinked antisense technology to knockdown expression of all leptin receptors in adipose tissue and liver, which resulted in a mouse that developed obesity, glucose intolerance, and hypothermia (18) . In addition, Kowalski et al. (21) found that neuron-specific expression of the ObRb in Lepr 3J/3J obese mice, which do not express any membrane-bound leptin receptors, corrects the obesity of male, but not female, mice suggesting a role for peripheral and/or adipose tissue ObRb in the regulation of body fat mass.
The present paper by Guo et al. (12) uses cleverly designed transplant procedures to further test the importance of adipocyte ObRb in regulating adipogenesis and body fat mass in normal mice. The authors crossed Lepr db/db mice with C57Bl/6 mice expressing the green fluorescent protein (GFP) transgene under control of a ␤-actin promoter to obtain GFP-expressing wild-type and Lepr db/db mice. Stromal vascular cells were isolated from inguinal fat depots, expanded in vitro, and cells were then injected into Ncr nude mice. Each host mouse received wild-type or Lepr db/db GFP cells into contralateral inguinal sites, and cells were injected into a sternal site where there was no endogenous adipose tissue. One to two months posttransplantation some of the injected cells at each site had developed into mature adipocytes that were morphologically identical to those of the host animal. The presence or absence of ObRb did not influence fat cell size or adipocyte ␤-adrenergic receptor expression. By contrast, there was a sex effect on the size of wild-type adipocytes with cells from females being smaller than those from males, but this sex difference was lost in adipocytes derived from male and female Lepr db/db mice. Thus, the results from this paper provide unequivocal evidence that, in vivo, expression of ObRb has no effect on the proliferation and/or differentiation of preadipocyte progenitor cells or of preadipocytes, in a nondiabetic, lean animal with normal circulating concentrations of leptin. The contralateral placement of cells from wild-type and Lepr db/db mice ensures that the lack of effect of ObRb expression on cell growth is independent of potential differences in the host environment provided by individual Ncr mice.
The results of this study reinforce the notion that leptin acts indirectly to regulate the size of body fat stores. As noted above, there is increasing evidence that activation of central leptin receptors changes adipocyte metabolism, promoting lipolysis, and fatty acid oxidation, and inhibiting lipogenesis; however, there also is some evidence that leptin induces the release of other circulating factors that can directly influence preadipocyte proliferation in vitro (32) . In the paper by Gao et al. (12) there was no evaluation of the degree of innervation of the transplants, and this would have to be confirmed before it can be assumed that leptin acts centrally to regulate adipocyte growth and development through neural mechanisms. This study examined the morphology of the adipocytes in the newly developed fat tissue, but stromal vascular cells are a mixed population of cells including mesenchymal stem cells, preadipocytes, endothelial cells, fibroblasts, and macrophages (23) . It will be informative to determine whether there is any effect of ObRb on the number and type of nonadipocyte cells present in the newly formed adipose tissue.
The use of GFP-labeled stromal vascular cells is a strength of this study as there can be no doubt as to origin of the mature adipocytes. It is noteworthy that the transplanted cells clustered together, and the formation of connective tissue between some of the transplants and the endogenous cells gives the impression that they were developing as an independent organ without recruiting endogenous progenitor cells or preadipocytes, even when located within an existing inguinal fat depot. It will be interesting to determine whether these newly formed fat depots are as responsive as host adipose tissue to changes in whole animal energy balance, hormonal disruptions, and paracrine factors released from the endogenous adipose tissue.
There are several additional aspects of this study that provide new information on the role of leptin in mediating adipogenesis. In vivo, it is well established that angiogenesis is essential for adipogenesis and that during fetal development angiogenesis precedes the development of adipose organs (15) . Leptin has been reported to have angiogenic activity in vitro (2), inducing vascularization of corneas from normal rats, but not from Zucker fa/fa rats (29) , increasing release of vascular endothelial growth factor (VEGF) in retinal endothelial cells (30) and stimulating proliferation of human umbilical vein endothelial cells (25) , but it has been uncertain as to whether it plays a significant role in promoting angiogenesis in vivo, because higher concentrations of leptin than VEGF are required for comparable effects (15) . In this study the authors report that the fat depots that developed from both wild-type and Lepr db/db transplanted cells were more highly vascularized than endogenous fat depots. This implies that it is not necessary for adipose tissue cells to express ObRb in order for there to be a significant promotion of vascularization at sites of adipogenesis and suggests a negligible role for leptin in this process.
Second, the difference in size of transplant adipocytes derived from male and female wild-type mice provides new evidence for a sex-related difference in adipocyte growth and metabolism that is determined by the adipocyte itself, rather than by the environment. A number of studies have shown sex-related differences in adipocyte size and number (1, 19) , but the study by Guo et al. (12) demonstrates that the difference is due to genetic, or epigenetic programming of cells that are precursors of adipocytes and that these differences are dependent upon effective leptin signaling. These observations also may link back to the study of sex differences in degree of reversal of obesity in Lepr 3J/3J mice that received neuronal specific replacement of ObRb (21) . The failure to fully correct obesity in the female mice may have been due to the absence of inherent, sex-specific adipose factors that contribute to the regulation of fat cell number and size. If this is the case, then it suggests that the balance between central and peripheral control of adipocyte growth and metabolism is sex dependent and that the peripheral contribution is determined at the level of the adipocyte.
Recently, there has been renewed interest in the utility of transplant techniques for investigation of the contribution of different fat depots to the metabolic condition of an organism. Tran et al. (31) and Hocking et al. (17) showed that intraperitoneal transplants of subcutaneous fat tissue improved insulin sensitivity of mice, whereas transplants of epididymal fat did not. The study by Guo et al. (12) is very different because stromal vascular cells rather than adipose tissue were transplanted; however, the previous studies (17, 31) do highlight differences between individual fat depots, and it will be of interest to know whether stromal vascular cells isolated from different fat depots develop in the same way as those isolated from inguinal fat.
The paper by Guo et al. (12) used novel transplant techniques to determine whether leptin acts directly or indirectly to regulate adipogenesis in vivo. The results clearly show that the presence of ObRb on adipose tissue stromal vascular cells neither inhibits nor promotes development of the cells, which implies that obesity of mice with defective ObRb signaling is determined by factors other than those that are regulated by leptin signaling in adipose tissue.
